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[#fril#<OS£ffl] 

«*E«i-a**»©.x j e';-fcii'fc*ru ttrE^&o^ 

'J Hr JU*»««c5UJ|ltt<oa[»orn •> ? Kfl-fflSftfc* 4 
fc, 

HE* -f >>*'J t flTE* + 7->a>*Vt<0P^ i:St 
£ft, WE* tr/a^^U RVmZ^ O^t'JOo io 

[«*« 2 ] titrElftSfflflli^Sli, tfrE* + ?» -> jl«iJ 
ffl)«-t^^v>rf&14t»cSS.U f ^fg14t>cB^iJ« S ft 4 

*«*1ilrE*-* r>a^'J teas-*-* j&»5*»**MP 3 
it*, il*JS 1 Ett«>¥*#E«»«o 20 

. 3 ] mm*kum^m±. hue* 

U #$£jiSBI4«&<73 h 7 ^77^- h*#U ffrfiB 

7 * #ttT«*ffls ft fc***i»E* c 
tej2H-*n#j;:, i!tEfS*B7!> J f%<fctti3ft*> 4 

#j»attas £ 3 ft, » •) <o3£i£s&©«&<7> h 7 7 

y- h t$ ft*, B*3S 2 E«W**#E 

tt8S. 30 

<Dh7>xyrr-h 14, IrE^atw^lDLTKtt'b 

fttWE^-w 5/iW»«-5-^*^v>rett«ffia^f& 

tt»»^i»attS8*««|«i 3 ft*W*Jfi 3 Ett»#*fls 
E«««, 

»t *«SfcOE**^ 14, «fE> -f >> *'J w^rn * 
K is tt * ftft?g t m»«>fl[Si7!l iz® ft <b ft T «/> * W*J1 io 

«*E«i-4tt«fc©j« j e , J-feii'«:#L, lWEaJScOj'* 
'J -tJU*HSftyiJJHtto«&*>"7n * * i-5HB3ftfc.* 4 

*?|J&I4, ffi^f'-^Otry h»«fc »5 <>#<S3:£3ft, 

-ess* a s ft t Eit.-r s^+vyi^? 1 ) 

i, 



2 

3ft, tE+tyyi^^'JX^fE^'f^^^VW^ 
*>v>-f ftjj»— ^(DT^^^S-J&^ti^t ? -/all? 

HUE* tr/a^'] ^©|EiS«>|5*T/IMttT*IW»1- 

4<Baw»¥at**c>mix*, **#e**«« 

[W#«7] WEfeSI«W^Sl4, tfrE*+?v*IW 
^«-§-tr*cfv^-cf&1±«SS^fS1±«S* s $iJf« $ ft 4 

*a«¥at-J:oT«rE>>f v^*v*»?,a*ttsftfc 

ft4, R*g6EttOJM*ttEtt&B. 
[R*«8] flrE*£aiftW3MS:i4, flirE* 4 >j»*'J 

» * tc-tft-Pfti'Wl&LfettacoeslSB** 
L, &&&SBI48&0 h 9 >7. 7 r h L, titE 

•y ^*eT-|I*m?ft^1f#*mrE*-v y->i>-=e'J k 

^ai-r4B#u, «rEi«^* t K*ta$ft4p'^ ^j'* <;o 

r- h ^93^X1 1 3 ft 4 , »#JS 7 E«<0#-*#E 
(Dh7-/X77y-Hi, fTE^SBlw^tELT^tt^ 

ft«rE*-v v •>*mwm-%iz&-3\,*-cm&Vii&Rv ! fti£ 

7Kvxit^fits7-n77i^si:ioT > mm 
&n&zHwavtn#wm 3 ft* 8 EK«#i# 

E'lt^So 

[W*a 1 0 ] HJE* tr/a^'J <0^-7*n y ^ (c 
iJltAttftOEIt*^!*, «TE> W >^ 'jO#7 , n 7 
^ icis it 4 ffiSic^J t l^|gcO«8!c?iJ tcttJt ftT v» * «* 
is 8 1 tzitmmm 9 E«<o**#E*»«. 

[0 0 0 1 ] 

* nss 4 *ai«tE«*« u i- 4 o 

[0 0 0 2] 

7 *--7>X£fS)±£t>-4/.;*!>, h-C^: 
tlif'ft^^RAM (DRAM) i J 4 > * ^ *) 

izj&m L, :<o^ 'fv^t'JtC P u Hussar* 7 
t t LT, /hSaKO^S^^ 1 ; fcES:it*;:fcri*, 4<1r 
tofttwf:, l!5U:ga^*7 7 r 14^-v 7 ->jl^*'; 
tDflfft, CPVW&Eb LfTif-^7D 7 ^ 
^^t'JHntf-U SSLtv>5. CPUA*T 
f-tX-TZT KUX(Of-?#++ 7 -/a^t'Jrti:! 
fttJ^F (^rtr/aK7H , C P U(4-J2-St1-4 7 V 
-n + a7 ya^'J J: <0W.*)&tra CPUi ! 
7?-t^t47KUXOf-i'* { +fr>a^* , ;rti: 
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(DRAM) X »K <&mt-?Z>r-?*&& 

[0 0 0 3] ±ffiL/j*^ y ->a^*y ^^'Jy^f 
-Mc»*atrfcli. *ffi4r*a**'; Sr-^Stl-AO-e 
^x h *ltlt*/M03>tfi-^y^f Atliftffl 
f Kfr^tzo DRAMO^LT^ 

&^-v*-K, x*tm 7 * 37 A^e- K«fojaiiT 

[0 0 0 4 ] JSIT\ H4<0?feJBI2l*#BBLTx io 
i3V*T(a)i*ai£ODR AMOt^ * ;K (b)(i^<-v«=e 

[0 0 0 5] HH(a)K»t * } a-aMM^^T 
ii. JS"^- R A S (Row Address Strobe) OP£T^ y V 
T^^yi/^^T Kl/^flfMAi *9 f?7 KVX(Row 

Address) R At DRAM^t:^M, f^-CAS 
(Columm Address Strobe) <Df£T*- y yf ^-f-y V 9 
X 7 Kl/7fitMAJ: 0 JHlr K (Column Address) C 20 
A£DR AMrttcJR^&fro *LT, IrTKUXRA, 
?|JT Ki/^CAt:i ^^£:ft£>^v*;v?>T r -*£ 
r'-^m^Douti: LTll^o a«^>f ?>Hi±ELfc 

*^-C^r-**r0E*ffli-fca6. 7*-fe*B$Wi It 
itm^'*- R A S OI^Ti y h r- 9 mtl D ou t 

^>friSjtC*^J-eOB#ra tRAC (A-RAS7^«^ 
4 A) tgt^o £^7*-te*B*W tRAdi> 0 

*-*-yi*BU tcli*-f**li*W"C*»K a«t c =2 
0 0 n sflJSTfe^o 30 
[0 0 0 6] [WJEJ(b) t:fti ? ^-S^-KiM 
^>UTUt|B|— frT Kl/^R A±T-«£fcO?ij7 Kl/^CA 

T-r-tmxthLmjiLZo Sot, 7^-fexn#rat*{i 

CAS OI^T^ y vB#^ <b 7*- 9 HliS Dout*** 
^C^^itOBffl tCAC ('<-CAS7*-b**>f 
A) t ^ a#^^ ^;VT*OT^-feXB#^ tRACO* 
»8«O^Bfcfti9, a* 5 0 n sgST*i^ 0 

t C pitm^<- cAs^yjf t - vi$ wk t pcii-9- ^ 

[0 0 0 7] fe]H](c) U7Kl-£ "9 ^^f >f '^37 40 

U 5ij7Kl/^CAt*/:*U^f^7^RAMOJ: 

^TKUX SMfc»#* x - * Hi* Dout* f *» £ & 
iTOB#M tAA (7 KU*r*-te**>f A) t»IJ, t 

cAcransa-sr^M ^^tor^t^nH tRAco^^fss 

aHT5 0 n sglti&o 
[0 0 0 8] IH5li, ^-y^- KASVMiX^-r <f y 
^n^A^e- KWHi^OD R AMI f oi^Iffi 
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[0 0 0 9] RIBUCSrJ-J: i il> fir 7 K^^ f 7 7 r 

1 , 3RI7 K^/<7 7 7 2*W;i/?-7U*;*7 Kl/^i 
^MAiiJ^ffrKl/^RA, MrK^CAtRa 
^'V^ 0 *Uef/<-RASO»Ti7y'W77K 
^^•>7t 1 KA^SflS i:, fr7 Kl/^RAWf 

itt, fl7 Kl/XR Ai:i OajRStifc^U-te^ 

[0 0 10] f LT, Sttfl:Siirt:7- K«u««*n 

tf y h«a (ia^r) s-^LT-b>^7>76^^n 

So *>*7>76li»fc*Lfc7*-**fcfcU *f«-*- 
£o L/^ot, COB#*Tjg^$tL/-ff7 KU^RA 
— fT#0 7'-*aH:>;*7>7'6 ^7 7f StlTV^o 
£LK, TfT Kl/^R A^BI— <0f-^7^-b^t 

[OOllJoiO, ^- v^B- Ktli, c A 

t, ?07 KI^^CA^iJt'3-^7 iZ&bti, *>XT 

>76 tc»jw*iiTv^7'--^»(ov^-fti*S'*au-r 

7"l^X7 Kl/XMAO^ftta &A«rlftSWI*0»f* 
4-^T9o ft*. 9Jif-^OAUiS7«rWf»i-* I/OX 

So 

[00 12] 16 li^-v*- K (4*^IU^f ^7 
^7^^-K) ML/:®iJrt7yayXfAt 
Wi-*!£*0^^eU vXrA^rD y ^«^EEIT'i)So 
I^Htc^-r J: -9 tz, :o^'Jy^fAli8i01Mx 

lMODRAMf^l 1-1 8«r8«J8L«JSLrt:l 
M^<>f KO>*'J y^fi^ti^o iSoT7 Kl/^tli 

2 0* ( 2 20= 1048576=1 M) d&JS £ 1" * 
m%±l±7 Kl/^7^f7 ( P^t2 1 J: Olf 7 KUX R 
A ( 1 0 \£ y Y ) , ^IJ7 K UX C A ( 1 0 fcf y K ) \Zft 
tftz-?)]s3-7U? AT Kl/^fifMA* t Sf)ii& 1 0* 
07 KU^a^ODRAMff 1 1-18 tC^M^ 

[0 0 1 3] El 7 14, m6X*mLtz^ vXxAO^r 

15 Sr#fiSLooH6^)X^U v^-r AO»{t«"Si^ + 
Soft*. 77f2 2i:ii, K^itffirii7^-bxSti^ 
ft7Kl/^RAH ? 77f?nti3l) % •fe>X7>7 p 6 
F*JU(41t7 KUXR A 1 (04f-^ffl|:7 ♦y^^^T 
initio 
[0014] fcttSiT-. gl^Lftv^C P 

0 If y Y<OT KU^fl-tAdtT K 
^•>'x*I/-^2 3J:084t4 o :07KI/^fit 
AdfrhftT KI/XRA2//d>aT-^ 2 4 IZXtlZ 
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ft, a 2 4 l±z\<D?fT KU*R A 2 t 7 7f 

2 2 lC»«SixTv»-5fi : T KU*RA 1 tOJt^^lT 
v>, R A 1 =RA 2 -C&ftlf, -te >^7>-7'6 Kf!M# L 

a v/< u- * 2 4 liSteftLfc ( "H" u 

^tJP) *f-;yak -y Kg-?- C H (Cache Hit)£*f-- 
h-7->> 2 5 icg* 0 fSftffcLfcflrf-CHfcSltfc*? 1 
- h -7 •> > 2 5 l±1S^'<- R A S £ "L" 1/^;h:«-s 

v*- K«|»*1tV»» 7Kl/X7*f^V^f2 1I±D 
RAMffl 1-18 tc-7;u-^-/U^XT KUXMAt 
LT, Jlj7Kl/^CAttt»U #DR AMf ? 1 1- 
1 8<0-b>XT>-7 6 \Z&tfiZtttzT-f&£ *) , 

H * ^ -y -> i y h Ltzm&s DRAMffl 1-18 
if h i^ififc T * -te * I* W t CACT, UJ^Jt'- * D 0 ut^# 

[00 15) — 3 2 4 K*SV»T, R A 1 

=#R A 2 * s flJ^$tLi t, •fe>^7V7'6(:1S^Ltv» 
if-* m&ftlZ 7^-bX?ti/: (*f;vaU) £ 

ffitt ( "L" OffifCHiMtSo i<7)B# x 

Af-fvy>2 5l±f^'-RAS, ^-CASOl 
tc h iffr-tZmi&V-J ^^DRAMff-l 1 - 1 8 CO 
ft«»«:ffv», 7KWv*fyi/?t2 1 li^T KVX 
R A 2 , ?!]T KW^CAWJllItC-TjV^T'W^^r 
MAS-DRAMf? 1 1-1 8i:Mt4, i<OJ:-9lC 
+ rr>aUL/:t|^ ft^-RAS417i:^t 
i^^'Jft-vU ?fei:DRAMff 1 1-18 
^fjfifciS^T^-t^^FH tRAC-Caj^-f-^Dout*^*^ 
tl&Z tlZttZo Z<Dtz£>, 7*7-- KvV 2 5 li ? i 
-Y Hf-J§-Wait**£L, CPUi:M^W)4o 4 
7^ 77f 2 2li3>^'U-^2 4J:l) ^fSttCO^r -V -y 
vifcy hft-^-C H £3:»t* tff L^fr T K1/XR A2 

[0 0 16] 

L J: "9 i: ■*■*»«! (**Ottft*lr v >o. 
->^-r^liW±co i ? i:-tv^7vy6i:i D57ft 
4®^CTfl|jS$iiTW»40T, ^> h U-ftl± 1 T-fc 

hWi^ffl^Z** y vifcy Yttthtzito, 0llx.lfa^c 

*«akOiiLiitf sit**** f u«±, .j&-r** ? 5 

[0 0 17} £<D»9ili, ±ELfcra«.6*»ft-*-art: 
tf> IX COT, h 5*5$r|6j± 

fi» * -j -> a. -> * -f a * m~r * *a&&%v&mm. * » * 

[0 0 18] 
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* >^*>; t, aaoEtif^tfL, mis 

y< -f V y< * 'J frh -fv y i; ijMJT-fjE^iii Ztltzffi $R£E 

y fllE* > > -=e u tile* 

U7iU f mrIHy< -f v> cod *>v>i*it^-^<or * -t 

[0 0 19] f fc, Sf*JS2E«W**#E««ilcoJ: 

Sic j: o rtirE> ^ * u *<bR snfc««*iiir 
SE*rr/a«u ucaii- 4 * «m s fix i> t 

20 V> 0 

[0 0 2 0] ttz. »*a3E«0**#E**6*OJ: 

die, frE^ftU»#si±, «rE>-f >«'Jo*t*d 
•y ^ n-f-ii-e'*i* t *!H&Lfe««fco<ia«*#u, &mm 

»li«ftOh?^7ry-h*#U flE^^v^t: 
■y Kt-f-^Stv, ME^-f >«'JH7o» ^#fi[T- 

If«^ili?ix^'rt*g^lfE^ J r -y ->a«'J Ug^t*^ 
tc, |1jEffi$674 J M<^m$n4y( W >^*'J©7ny^i: 

[0021] tfz, m*m4tm<D*mmmgiW.<D± 
i iz^ mt&nmmw^&.<o&mmfl>nitofzm2k<r> 

X7 tY- Mi, «fE<ES8BH**lBL-CB»*?»*ii»E* 

\ v is^mwm^tzm^^xfe&wmRmtiZi±yimi> s 
wmzriht t i> \zj\\t h-isAm*§r<n-U£ff r vux 

[0 0 2 2] ttz, lg*JR 5 E«O**#E**«<0 «t 
o tc, iFE^-v -y co^-rn y ^ u±5tt41S^ 

40 oE«*-7-ii, ItFEy 1 ^ >> ; e , Jo#-7'o-y^ici5tt4 

[0 0 2 3] : o %ni:ftiR$fi 6 EtO*i|#Ef 
§£ffi(±, fflaftXVttttWItcEyiJSit, SrE 

^ttsswmttoisjsrora y ? izo-mztitz* 

ElESBT-Sr^U, flUE> «f v> * 'J Ti^^a v ? mZX 

m.*-th2titzm&£mm-rz*>r v yi^'j me 

50 ^ ^ >y<^>j tlSilE+tyya^t'J tORfltiJgfx? 
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[0024] ttz* m*m7um(o¥mte%mgtW:<7>£ 

[0 0 2 5] 4fc, II*A8Etto¥2t#EttSgtt«>J: 

die, itrise^J^i^Sii. «fe> >^'jo#yo 

R*usftfctii**tfrE** ? ya^'j uigaii-&B* 
«rE**b4HJI*ttiSix&-* -f >>"=e y o/n y * \z 

[oo2 6] ttz. mxmo tm<D*mmm%iW:<n± 

mmmmzimLx&tfbtiwtu* 
* v is*mwm^izm^\,*xm&ftmRmm&&mtf 

[0 0 2 7] fjf*3U OEtt<0¥*#E«»«O 3 o 

SfcoEttSs^wu «rE> >f > * * y <t)#^d * * tcistt 

[0 0 2 8] 

vjL«t6Sr*-r-5>-?«-=ey y^fAODR AM 

v*Tl-4, 8-10S^A-RAS, a-CAS, M 
A, RA, CA«i«£3RtraDT**0-CSlW*i«B&L, 
&>T'&%tm%Z&\Z'D\,*Xi&'<2> 0 40 
[0 0 2 9] W|ian^*t «fc -9 i:>^'J-b;V7P>f 5 Srr 

>7"6, I/O*^ ^^9Ktcrn 7^B1-B4 iZM 
lEL-ce3S«-C** F7>^77y-F3l (31a- 
3 1 d ) , ^tr>a^'JT'i^f-nyXn2 
(32a-32d) «rJ?ALTV>& 0 F7>X7?y- 
h 3 1 14. H2co»aBrn y ^flUSHU^-*- J: 0 K> X 

5 0f-^7n«^ (B1-B4) -t>X7 so 
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8 

>-7 6 ifrLXm&tDf-* 3 2 a - 3 2 

[0030] 1^7>777y-^>Fn-7 3 3 (3 
3a-33d) 14. H2^ff»^n-^fttHi:SL/: 
J: -5^. 7 r ny^f3-y3 4a-3 4dWUJj«f i 
7->at7 hStCHORe<lf*AMti: U 

- Y 3 1 t \zX 0. F7>^77y-h31^ 

[0 0 3 1 ] ttz. rn^fn-^3 4liH2TSt 
* 7 KWT KU*CAO±ffi2 tf y V iXJjm^k L. 
1 ooyn 7^B1-B4 O^fcttrtrt 

y^77y-h3>^n-7 3 3 CS^:ti:J:i3 > "7' 

*o — »H!S<i7trn y ?<o?\\r^— ^7l4?ij7 k 
U^CAOTffi8tf7 hi> /n^.f3-^3 4 0ffi 

2 5 6 (28) iOI/0X>f 7f 9^H^ftl^l 
o^^liLt, I/O/Ut^LTHfyhOBJjjf 

B4 0feTy h» (jm= 2 5 6) 14. ffijtJ 9 <0 tf -7 

hSc (=i) x *) t#<E^$nrv^ 0 

[0 0 3 2] i3 tiiOHWO— HJfi^ffi-C**^^ 

77f 2 2a-2 2d*Klttv^ 0 itz. Ztih<D? 
7f22a-22 d(7)iM^¥S^ LT4rU^ 9 3 6 d«K 
It^tiT^O, 4r 9 3 6 (4T VUxm-^AdX 
T Kl/^RA^kf7 h tnT KMCAO±ffi2 tf ^ 
L. J|7 KU^CAO±tt2 tf -y H:JS 
o*^ n >/n'U~ ^ 2 4 tJttKi-^^ 7 7f 22a-22 
dOV^-ftl^SrS^L. Z3>s*U-* 2 4<D&t)X$>2> 
*tr>ak-; h m^" C H **^ffitt-C «4tr>a; 
^«FtZ(4, ff7 Kl/^RAOf^a«$tL/:77f 2 2 
a - 2 2 d0^f*i^:ftflfS«4»it*LTV^ 0 
ttz, +t7yat7 Mf CHIiil, (21 2 HtfL/z 
Xlizh? >X7tY- F^>Fn-7 3 3 tc-^x.^^ 

<t ^ larvae 

[0 0 3 3] «T> «6*«"Cfflv>fcH7*-#flHLoo. 

mi, m2X7r.Ltzz<D$kw<D— nt&oMmx- 

y v^-r^Ot&f^SrSiigi-^o ^is, 77f22a-2 
2 d HI4, ai:#ro 7 * B 1 -B 4 HJSv^TSfrUT 
***Ztitz'fiT KU^RA 1 a-RAl dtf&*?v 
J-ZtlXte*), T-9 3 2 a -3 2 d \Z\±*<D 

ft<D7u 7^B1-B4 zrtn^f-ftfmzy 
flX^ht-f^o 

[0 0 3 4 ] :<o^wt, @SL^^CPU« 
itt*20tf7 h(07 KU^gf Adi7 K^vx 
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ftT VUXR A 2 a*n >Al/-^2 4 i:A*H4o - 

7 KU^«tAdO?ij7 KU^C A 2<0±fi2 If 7 
M^U^^ 3 6 -b 9 3 6 liSS? 

Hfcyn ^ B 1-B4 2>y 7f 2 2 <0*£ 

*a^t"&o --T% l&W<nu&±7v ? 9 B 2, oi 
*) 7 2 b**a«?*iifci:i-a nw<l/-*2 

4 AXtJ^tltzffT KU^RA2t77f 22b icftflft 
$*lTV*&frT KU^R A 1 b fcOJtttSrffv^ R A 1 
b = RA 2-C*iUf, ^rrr>a^7 hi*fcU Stt 
itLtz ( *' H *' ^rt*r>ali7HfCH«: 
#DRAMf?l 1 - 1 8SWr- Fvy>2 5 Kg 

[0 0 3 5] rOBf, ^DRAMf^l 1 - 1 8*<0?iJ 
7 KU^CAO±t2 fcf? h ZAJjiE^t Ltzfu v * 
fzi-y3 4 \Zi *) /n y ? B 2rt*iI2R$:M& 0 tt> 
7n7^f3-/3 4 b^ffi^M-?-^ ** H n * 

* y CH (i "L" U-^^-C* 

-9 3 3 b«offl*«-?-li 4 "9 > h?>* 

7ry-h31 b«±*a*r. f-^l/y^^32bt 

[0 0 3 6] — "H" y t: y Mi 

-^CHSrSltrt:*^- h7i/>2 5 R A S £ 

"L" l/^n:«ofcii, i^-CAS^h^^t 

>^W^^2 1 l*DRAM»T-l 1 - 1 8i:7Jl/f/l/^ 
X7 Kl/^MA t lT5f]7 KU^CA #DR 
AMlf 1 1-18 <07*-9 VV7.9 3 2 b KftflJSft 

•V 7vaH7 h Lfc«<g\ DRAMfT-1 
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